INTRODUCTION
============

*Helicobacter pylori* infection is the major cause of gastritis, gastric ulcer, duodenal ulcer, gastric cancer, and mucosa associated lymphoid tissue lymphoma. Triple therapy (TT) regimens including proton pump inhibitors (PPIs), clarithromycin and amoxicillin has been regarded as first-line regimens for treating *H. pylori* infection. However, eradication rates of TT has declined primarily due to increased bacterial resistance to clarithromycin.[@B1] For this reason, several regimens have been proposed as an alternative to the TT regimen. The sequential therapy (ST) consists of a PPI and amoxicillin for the first 5 days followed by a PPI and two other antibiotics for the following 5 days.[@B2] Several meta-analyses demonstrated that ST regimens achieved higher eradication rates than the standard TT regimen.[@B3]-[@B6] However, most of the studies included in these meta-analyses were from Italy, specifically from Rome and Foggia. Few of these meta-analyses included studies from Asia, especially Korea. We cannot conclude that ST will be superior to TT based on the results of these meta-analyses because patterns of antimicrobial resistance may vary geographically. In Korea, the antibiotics resistance rate of *H. pylori* since the year 2000 was reported to be 13.8% to 38.5% for clarithromycin, 27.6% to 66.2% for metronidazole, 4.5% to 34.6% for tetracycline, 4.8% to 18.5% for amoxicillin, and 4.5% to 29.5% for levofloxacin.[@B7],[@B8] The increased antibiotic resistance of *H. pylori* has become a significant limitation for eradication in Korea. The purpose of this study was to perform a meta-analysis of studies that targeted the Korean population and compare ST with TT for eradication of *H. pylori*.

MATERIALS AND METHODS
=====================

1. Search methods
-----------------

A comprehensive literature search was performed to identify all relevant studies that compared ST with TT for *H. pylori* infection in Korea. Several databases were searched including MEDLINE (through PubMed), EMBASE, and the Cochrane Library for the period 2000 to 2012. We also searched KoreaMed which is a local electronic database providing information on Korean medical published research. The key words used in the search were \"*Helicobacter pylori*,\" \"sequential therapy,\" \"triple therapy,\" and \"standard therapy.\" We also searched the reference of screened articles and review articles to identify any additional studies.

2. Study selection
------------------

Potential studies were initially screened by two researchers (J.S.K, B.W.K.) based on the title and abstract to exclude irrelevant articles. Afterwards, the full texts of all selected studies were screened according to inclusion and exclusion criteria. The inclusion criteria were: 1) randomized controlled trials (RCTs) that compared ST with TT for *H. pylori* eradication; 2) studies targeting the Korean population; 3) patients were *H. pylori* treatment naïve and had not used a PPI, histamine-2-receptor antagonists, or antibiotics in the preceding month; 4) intention to treat (ITT) analysis; 5) patients were confirmed of *H. pylori* infection and eradication by at least one of the following methods: rapid urease test, *H. pylori* stool antigen test, histology, or urea breath test. Nonrandomized studies, case reports, letters, editorials, commentaries, reviews, and abstracts were excluded.

3. Data collection
------------------

A data extraction manual was developed and information was collected independently by the two researchers (J.S.K., B.W.K.) using the predefined extraction manual. Disagreement was resolved by discussion and consensus by the two researchers. From each report, researchers independently retrieved information including year of publication, whether the study was a single or multicenter study, enrollment period, numbers of patients included in the ST and TT group, baseline characteristics of the patients, details related to the use of ST and TT (including dose and duration), methods of diagnosing infection and confirming eradication; incidence of side effects. The quality of the studies were assessed by the Jadad scoring system based on method of randomization, level of blinding and description of withdrawal and dropouts.[@B9] We considered RCTs with a score of 3 or greater to be high quality. In one RCT, participants of the TT group were randomly assigned to three groups according to treatment duration: 7-, 10-, and 14-day regimens.[@B10] Since the object of our review was to compare ST with TT, we combined all the TT therapy arms into a single TT group. The primary outcome of this study was odds ratios (OR) of successful *H. pylori* eradication comparing ST with TT. Secondary outcomes were pooled estimates of eradication rates of TT and ST and adverse events during eradication. The eradication rates were considered both on an ITT and on a per-protocol (PP) basis.

4. Statistical analysis
-----------------------

Meta-analysis was performed by calculating pooled estimates of primary and secondary end points. Pooled results were derived by using the fixed effects model, unless significant heterogeneity was present, in which case the random effects model was applied. Forest plots were constructed for visual display of individual studies and pooled results. Heterogeneity between studies was evaluated with the Cochran Q test and the inconsistency index (I^2^). Values of I^2^ below 25% and 50%, and above 75% were assumed to represent low, moderate, and high heterogeneity, respectively. Funnel plots were used to investigate whether publication bias may have adversely affected the results for the primary and secondary end-points. We also carried out Egger regression test and Begg rank correlation tests to further investigate publication bias. Statistical analyses were executed by the aid of Comprehensive Meta-analysis software version 2 (Biostat Inc., Englewood, NJ, USA) with inputs confirmed by both researchers.

RESULTS
=======

A flow diagram of this systematic review is shown in [Fig. 1](#F1){ref-type="fig"}. In summary, 113 studies were identified by our literature search. One hundred and six studies were excluded after initial screening of title and abstracts. Full-text of the seven remaining articles was reviewed and one article was removed. The remaining six RCTs were eligible for meta-analysis.[@B10]-[@B15]

All the RCTs were conducted in Korea and all the studies were performed in adults. The main characteristics of the studies are listed in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. All but one of the included studies was a single-center study, and the enrollment period ranged from 2007 to 2011. Choi et al.[@B10] used tinidazole instead of metronidazole while the other five studies used metronidazole in their ST regimen. Four different PPIs (lansoprazole, rabeprazole, omepraozle, pantoprazole) were used in the ST and TT regimen. Except for these two differences the dosage and drugs used in the ST and TT regimen were basically the same. In all 754 patients were treated with ST and 1,005 patients were treated with TT.

1. Pooled eradication rates
---------------------------

The pooled eradication rates of ITT analysis was 79.4% (95% confidence interval \[CI\], 76.3% to 82.2%) for ST with the fixed effects model and 68.2% (95% CI, 62.1% to 73.8%) for TT with the random effects model. The pooled eradication rates of PP analysis was 86.4% (95% CI, 83.5% to 88.8%) for ST with the fixed effects model and 75.9% (95% CI, 68.9% to 81.7%) for TT with the random effects model.

The pooled OR of ITT eradication rates was 1.761 (95% CI, 1.403 to 2.209) with the fixed effects model ([Fig. 2](#F2){ref-type="fig"}) and the pooled OR of PP eradication rates was 1.966 (95% CI, 1.489 to 2.595) with the fixed effects model ([Fig. 3](#F3){ref-type="fig"}).

2. Adverse events
-----------------

Pooled estimates of incidence of adverse events by the random effects model was 23.8% (95% CI, 18.8% to 29.5%) for ST and 20.3% (95% CI, 14.2% to 28.3%) for TT. The pooled OR of adverse events with the fixed effect model was 1.207 (95% CI, 0.943 to 1.546); indicating no significant difference (p=0.135) ([Fig. 4](#F4){ref-type="fig"}).

3. Publication bias
-------------------

No evidence of publication bias was observed for *H. pylori* eradication rates with ST compared with TT as indicated by a symmetric funnel plot and a nonsignificant Begg test (p=0.35356) and Egger test (p=0.13983) ([Fig. 5](#F5){ref-type="fig"}).

DISCUSSION
==========

Although, TT regimen is the first-line choice of treatment for *H. pylori* infection, the efficacy of this regimen has been constantly decreasing worldwide.[@B1],[@B16]-[@B18] The ST regimen is a novel therapeutic approach and has shown higher eradication rates than conventional TT in several recent meta-analyses. The eradication rates with ST were greater than 90% in these reports.[@B3]-[@B6] However, the studies included in these meta-analyses were published before October 2008 and included studies mostly from Italy. Subsequent meta-analysis including reports published after October 2008 and including studies from other countries have reported eradication rates of the ST to be of 80.6%.[@B19] In addition, studies from Latin America showed that ST was not better than TT.[@B20] These findings suggest that the relative effectiveness of ST regimen varies between geographical regions. Therefore, we performed a meta-analysis including studies that involved the Korean population, to investigate the effectiveness of the ST regimen in Korea.

The results of our meta-analysis suggest that ST is superior to TT in the eradication of *H. pylori* in Korea. We did not identify any study that reported TT to have a higher eradication rate than ST in Korea. Our findings are consistent with previously published meta-analysis that reported ST to be more effective than TT in eradication of *H. pylori*.[@B3]-[@B6] As in previous analysis, our analysis did not find a significant difference in the rate of adverse events between the ST and TT groups. However, the eradication rate of PP analysis was 86.4% for ST which is significantly lower than previous meta-analysis that reported an eradication rate of 93.4%. The reason for this discrepancy may be primarily due to increased bacterial resistance to clarithromycin in Korea. Theoretically, clarithromycin resistance can be overcome with ST. However, a recent study found the eradication rates of ST to be affected by clarithromycin or metronidazole resistance.[@B21] Also, only one of the studies in our analysis used tinidazole and the rest of the studies used metronidazole. This may have affected the eradication rates since metronidazole resistance is reported to be from 27.6% to 66.2% in Korea. The studies included in our analysis did not provide data on clarithromycin or metronidazole resistance and we were not able to examine the effect of antibiotic resistance on eradication in our analysis. Interestingly, the study by Choi et al.,[@B10] which used tinidazole instead of metronidazole found no significant difference between the ST regimen and TT regimen.

The exact mechanism underlying the higher eradication rates of ST compared to TT remains unclear. The sequential administration of antibiotics may have increased the efficacy of clarithromycin in the second phase of treatment. The higher efficiency may also be due to the addition of another drug or it may also be related to increased duration of treatment. We believe additional studies are needed to clarify the mechanism of ST.

Although, ST yielded higher eradication rates than TT, the pooled results of 79.4% for ITT analysis and 86.4% for PP analysis was lower than required. According to the Korean guidelines, treatment regimens for *H. pylori* infection should achieve ≥90% eradication success for PP analysis and ≥80% for ITT analysis.[@B22] Our results suggest that more evidence is needed before ST is recommended as a first-line eradication regimen. Another problem with the ST regimen is that there is no definite rescue regimen in the eradication failure of patients. Zullo et al.[@B3] reported that a levofloxacin containing triple regimen achieved an eradication rate of 85.7% in patients who failed the ST regimen. However, this observation cannot be applied to the Korean population since primary *H. pylori* levofloxacin resistance rate has been shown to be as high as 29.5% in Korea.[@B7] To our knowledge, there were no full text articles that investigated treatment of ST failure patients in Korea. Future studies investigating second line regimens after ST failure would be warranted before ST is definitely recommended as first-line regimen in Korea.

There are several limitations to our study. First, most of the studies included in our analysis scored 3 on the Jadad scale and there were no studies with high quality scores (4 or 5). Secondly, there was no reference to blinding in all the trials, which may have overestimated the effect and skew the results in favor of either treatment. Thirdly, a moderate degree of heterogeneity was present and random effects models were used for the estimates of TT eradication rates, ST adverse events and TT adverse events. Fourthly, the data in our studies mostly came from or near Seoul and it might not be representative of the whole Korean population. A prospective multicenter study comparing the effects of ST with TT and targeting the whole Korean population is anticipated.

In conclusion, data from our meta-analysis confirmed higher efficacy of ST as compared to TT. However, the pooled results of ST did not result in a sufficient eradication rate. Further studies regarding the entire Korean population and rescue regimens after ST failure are needed to validate ST as first-line treatment of *H. pylori* infection.
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###### 

Main Characteristics of Included Studies
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PUD, peptic ulcer disease; NUD, nonulcer dyspepsia.

###### 

Data Abstracted from Included Studies
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TT, triple therapy; RUT, rapid urease test; UBT, urea breath test; b.i.d., twice a day; NC, not commented.
